JP1995336992A 

Bibliographic Fields 

Document Identity 

(19)[f§ff@] 
B^gftatJfCJP) 

(i2)[»«a»y] 

t#M¥7 -336992 
(43)[4MIB] 

¥fi£7^(1 995) 12^220 
Public Availability 

(43)[&B8B] 

¥$7^(1 995) 12fl22B 

Technical 
(54)[^BJ(D*«!] 

(5i)[HR1tlf*MMl6lK] 

H02K 41/03 B 
[flt*5G>ft] 

7 

OL 
9 

Filing 

(21) [U»#] 
1WP6-1 23476 

(22) [ffiBH] 
^6^(1994)6^60 

Parties 
Applicants 
(71)[WHA] 




1995-12-22 



(19) [Publication Office] 

Japan Patent Office (JP) 

(12) [Kind of Document] 

Unexamined Patent Publication (A) 

(11) [Publication Number of Unexamined Application] 

Japan Unexamined Patent Publication Hei 7 - 336992 

(43) [Publication Date of Unexamined Application] 

1995 (1995) December 22 days 

(43) [Publication Date of Unexamined Application] 
1995 (1995) December 22 days 

(54) [Title of Invention] 
LINEAR STEPPING MOTOR 

(51) [International Patent Classification, 6th Edition] 
H02K 41/03 B 
[Number of Claims] 
7 

[Form of Application] 
OL 

[Number of Pages in Document] 
9 

[Request for Examination] 
Unrequested 

(21) [Application Number] 

Japan Patent Application Hei 6 - 123476 

(22) [Application Date] 
1994(1994) June 6 days 



(71) [Applicant] 
[Identification Number] 



Page 1 Paterra Instant MT Machine Translation 



JP1995336992A 

000103792 

Inventors 
(72)[*9)#] 
[ft*] 

MM MX 

(72)[S£BJi#] 
[ft*] 

[^RfrXligRlf] 

^mttrtT&fSffli4oo *'Jx><$i;l^e-$ 

Agents 
(74)[ftSA] 

[#a±] 

[ft*Xli*ft] 
aUi ffiJS (*f4«) 
Abstract 
(57)[gift] 
[Btfj] 

mm 

W1,W2,W3 <t£*f-f£ 

HS* l ts »H*^ l rtl=**lRllc»Hiaft 
lwift*ti*»«l^t, HS^aT 10 a>+IHL 
Sfcli^Ul^ziT 22a,22b ©^IHlCttftSfu 
**lRllC#iBt**tfc*A«5 23 ££ffi*.Tfc 
5"jz7/^Wt-*1?*ot, 18^7 10 

14, ttfflfflicJBjai^ttfcu^^tta-^ 



1995-12-22 

103,792 
[Name] 

ORIENTAL MOTOR KK 

[Address] 

Tokyo Prefecture Taito-ku Kojima 2-Chome 2 1-11 

(72) [Inventor] 
[Name] 

Satomi Hirofumi 
[Address] 

Inside of Chiba Prefecture Kashiwa City Shino basket rice 
field 1400 oriental motor KK 

(72) [Inventor] 

[Name] 

Iwasa Takao 

[Address] 

Inside of Chiba Prefecture Kashiwa City Shino basket rice 
field 1400 oriental motor KK 

(74) [Attorney(s) Representing All Applicants] 

[Patent Attorney] 

[Name] 

Okuyama Hisao (Outside 4 persons ) 

(57) [Abstract] 
[Objective] 

As tooth thickness and small tooth pitch of stator denticle 
canbe set to option, high driving force conversion is assured 
with improvementof precision of step transport quantity and 
selection of optimum tooththickness. 

[Constitution] 

stator core 10 which possesses protrusion of plurality which is 
arranged in radial facing toward inside and clamping it is 
done in theportable child and intermediate* of stator core 10 
or intermediate of portablechild core 22a,22b which inside 
stator 1 and said stator 1 which possess thewire-wound 
W1,W2,W3D □ □ which volume was turned to each 
protrusion respectively in axial direction are supported in 
movable, Having permanent magnet 23 which was 
magnetized to axial direction, with linear stepping motor 
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SB 1 1 <hfiiffE^3&fll<7)^fi|gfl 41,42,43 t which becomes, ring yoke section protrusion section 41 of 1 1 

frt>te l )s #^SSP41,42,43 Its 'Jl^tt which wasformed respectively individually and 

3 — ^ nP 11 CDW^BIC.Rj^^lplfcefcl/lft^ aforementioned plurality , 42 and43 it consists of, each 

fpllCiftoTEESL frofe o^tlTfe&o protrusion section 41, 42 and 43 , in cylindrical surface of 

ring yoke section 1 1, it arranges stator core 10, alongside the 
circumferential and axial direction, at same time is connected 
and becomes. 




Claims 



■r*»»?-, *fcl*nflliBlctt*fi||c»oTSE 
SlcJ*&ofc«ttTf*ft*lRllc»«*ttfc« 
*0)*^«5«3WWEHS*/h»tr^© 1/2 



[Claim(s)] 
[Claim l] 

As it possesses protrusion of plurality which is arranged in 
radial facing toward inside, as inside stator and said stator 
whichpossess coil which volume was turned to stator core and 
theaforementioned each protrusion where in cylindrical 
surface of said each protrusion in axial direction stator 
denticle of plurality was formed with equal pitch respectively 
in axial direction it is supported in movable, Opposing to 
aforementioned stator denticle in outer surface, theportable 
child which possesses portable child core where theportable 
child denticle of plurality was formed with equal pitch, Or 
having portable child which possesses portable child core 
where permanent magnet pole of multiple which was 
magnetized to radial direction with polarity which differs to 
outer surface alternately alongside the axial direction is 
arranged with equal pitch of 1/2 of aforementioned stator 
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small tooth pitch in linear stepping motor which becomes, 

linear stepping motor 0 where aforementioned stator core 
consists of protrusion sectionof ring yoke section and 
aforementioned plurality which were formedrespectively 
individually, in cylindrical surface of aforementioned ring 
yoke section, arranges said each protrusion section, alongside 
circumferential and axial direction, at same time is connected 
and becomes and makes feature 

[Claim 2] 

linear stepping motor 0 which is stated in Claim 1 where 
aforementioned protrusion section becomes, or multiple sheet 
laminating protrusion section iron sheet whereaforementioned 
stator denticle was formed, consists of member where 
aforementioned stator denticle was formed and makesfeature 

[Claim 3] 

As it possesses protrusion of plurality which is arranged in 
radial facing toward inside, as inside stator and said stator 
whichpossess coil which volume was turned to stator core and 
theaforementioned each protrusion where in cylindrical 
surface of said each protrusion in axial direction stator 
denticle of plurality was formed with equal pitch respectively 
in axial direction it is supported in movable, Opposing to 
aforementioned stator denticle in outer surface, theportable 
child which possesses portable child core where theportable 
child denticle of plurality was formed with equal pitch, Or 
having portable child which possesses portable child core 
where permanent magnet pole of multiple which was 
magnetized to radial direction with polarity which differs to 
outer surface alternately alongside the axial direction is 
arranged with equal pitch of 1/2 of aforementioned stator 
small tooth pitch in linear stepping motor which becomes, 

linear stepping motor 0 where aforementioned stator core, 
consists of protrusion tip portion of the stator core section and 
aforementioned plurality which were formed with the 
magnetic pole portion and yoke section which do not include 
protrusion tip portion which wasformed respectively 
individually, arranges said each protrusion tip portion, in 
magnetic pole portion of aforementioned stator core section 
alongside axial direction, atsame time is connected and 
becomes and makes feature 

[Claim 4] 

linear stepping motor 0 which is stated in Claim 3 where 
aforementioned protrusion tip portion becomes, or multiple 
sheet laminating protrusion section iron sheet where 
theaforementioned stator denticle was formed, consists of 
member whereaforementioned stator denticle was formed and 
makesfeature 

[Claim 5] 
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Specification 
[000 l] 

[0002] 

[ft*0>ftffi] 



[0003] 
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When tooth pitch of aforementioned stator denticle the;ta and 
motor number of phase m,k, m is even number, when with 
odd number of 1 or more which is smaller than 2 m, m is odd 
number, whenmaking integer which is not a m of 1 or more 
which is smaller than2 m, as for stator denticle of 
aforementioned protrusion whichis adjacent mutually, linear 
stepping motor o which is stated in Claim 1 or 3 which 
possesses gap of the(k/2m );ta in axial direction and makes 
feature 

[Claim 6] 

Aforementioned coil of aforementioned protrusion volume as 
for the cross-sectional area of portion which is turned, linear 
stepping motor 0 which is stated in the Claiml or 3 which 
designates that it is smaller than tooth top section 
ofaforementioned stator denticle of surface which opposes 
withaforementioned portable child ofaforementioned 
protrusion and the total of surface area of tooth bottom as 
feature 

[Claim 7] 

In cylindrical surface of axial direction both ends of 
aforementioned protrusion, theaforementioned portable child, 
through bearing, linear stepping motor 0 which isstated in 
Claiml or 3 where it can provide fitting portion which 
engages to endo bracket which is supported in movable and 
makes feature 

[Description of the Invention] 
[0001] 

[Field of Industrial Application] 

this invention regards multiphasic linear stepping motor 
which includes hybrid type linear motor* VR form linear 
motor* permanent magnet type linear motor etc. 

[0002] 

[Prior Art] 

In Figure 15, longitudinal cross-sectional view of cylinder 
shape linear stepping motor which conventional wellis known 
is shown. 

[0003] 

In Figure 15, stator core 101,102, 103 of stator 100 of 
aforementioned cylinder shape linear stepping motor and 104 
has done ring configuration of stepped where outer perimeter 
edge part becomesthick in thickness direction, in cylindrical 
surface in axial direction stator denticle 105 of plurality is 
arranged with equal pitch. 

And, these stator core 101,102, 103 and 104 is supported by 
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frame 1 16 , in addition the casing is done. 
[0004] 

said stator core 101 and 102 are combined in form which 
faces theaforementioned outer perimeter edge part and ring 
winding 106 clamping is done, to channel of ring which is 
formed due to especially. 

In addition, in same way as this, ring winding 107 clamping is 
done, to said stator core 103 and channel of ring which is 
formed between 1 04. 

[0005] 

said cylinder shape linear stepping motor forms phase of one 
these stator core 101 andwith 102, and ring winding 106 , 
forms phase of other one inaddition with stator core 103 and 
104, and ring winding 107 , forms 2 phases with the entirety. 

permanent magnet 1 08 of ring clamping is done between 
stator core 10 1, 1 02 and the stator core 103,104 which form 
aforementioned 2 phases is magnetized to axial direction 
ofportable child 109. 

[0006] 

Portable child core 1 10 of portable child 109 has cylindrical, 
opposesto aforementioned stator denticle 105 in outer surface 
and portable childdenticle 111 of plurality in axial direction is 
arranged with equal pitch. 

And, said portable child 109 through bearing 1 14 and 115, 
with the bracket 1 12 and 1 13, in axial direction is supported 
in movable. 

[0007] 

Aforementioned stator denticle 105 and portable child 
denticle 1 1 1, there is a positional relationship below. 

When stator denticle 105 which, is arranged in namely, stator 
core 104 portablechild denticle 111 it is to face exactly 
putting, as for stator denticle 105 which is arranged in stator 
core 103, by comparison with the stator core 104, just 2/4 of 
tooth pitch there is a position which slips in the axial 
direction. 

In addition, as for stator denticle 105 which is arranged in the 
stator core 102, by comparison with stator core 104, just 1/4 
of tooth pitch there is a position which slips in axial direction. 

Furthermore, as for stator denticle 105 which is arranged in 
the stator core 101, by comparison with stator core 104, just 
3/4 of tooth pitch there is a position which slips in axial 
direction. 

[0008] 
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said cylinder shape linear stepping motor forms hybrid type 
linear stepping motor of 2 phases by making this kindof 
constitution. 

[0009] 

But, cylinder shape linear stepping motor of aforementioned 
constitution takes the winding holder largely, it is not 
possible , because quantity of ampere conductor around phase 
does not come off largely, there was a deficiency that driving 
force is low. 

In addition, because there is a position which is distant from 
permanent magnet 108 in comparison with stator core 102, 
103 , magnetic circuit being nonuniform , deficiency that 
there was a stator core 101,104, at phase which excitation is 
done is thedifference in driving force. 

Furthermore, because in principle, it becomes constitution 
whereeach phase is arranged in axial direction, when length of 
axial direction of motor becomes long, furthermore and, 
because permanent magnet 108 is on a stator 100 side, needs 
motor casing, simultaneously, because it is necessaryto make 
long length of axial direction of portable child 109 
incomparison with length of axial direction of stator 100, 
There was also a deficiency that inertia of portable child 109 
becomeslarge. 

In addition there was also a deficiency that simultaneously, 
multiphasic conversion is difficult. 

[0010] 

Because of this, linear stepping motor which cancels these 
deficiency is proposed hasdisclosed, with this inventor , 
already, concerning configuration of stator iron sheet which 
forms stator core, following way. 

As for namely, one side, when k positive integer* m is 
designated asnumber of phase, as for stator iron sheet which 
forms aforementioned stator core, 2 km it possesses 
protrusion, in inner perimeter direction of theaforementioned 
stator iron sheet, protrusion which forms tooth top section of 
the stator denticle m, protrusion which forms tooth bottom m 
lining up into order, 1 -set it forms said protrusion, In order 
group k group to exist, it is something which isconstituted. 

(Japan Patent Application Hei 4- 332761 number and Japan 
Patent Application Hei 4- 340280 number) 

[0011] 

As for other, when k integer % m of 1 or more number of 
phaseand n making integer of value which is closest to the 
m/2 with m/2 or less , as for stator iron sheet, as km it 
possesses the protrusion, tip portion of aforementioned 
protrusion which opposes with theportable child, considered 
as aforementioned portable child side, protrusion where 
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protrusion where inside radius is small radius inside n„ is 
large (m-n ) lining up into order, in order to form 1-set, group 
k group to exist it is something which isconstituted. 

(Japan Patent Application Hei 5-100810 number) 

[0012] 

Aforementioned 3 propositions are something regarding 
forming technology of theespecially stator core of hybrid type 
linear motor, but stator core forming technology which 
issimilar to aforementioned proposition, concerning those 
which areapplied to VR form linear motor and permanent 
magnet type linear motor, it is already proposedwith this 
inventor . 

(Japan Patent Application Hei 5-238362 number and Japan 
Patent Application Hei 5-226784 number) 

[0013] 

[Problems to be Solved by the Invention] 

But, in case of linear stepping motor of aforementioned 
constitution, there wasnext kind of problem. 

As for (1) stator core, because it is constituted iron sheet 
where the protrusion section which forms tooth top section 
and protrusion sectionwhich forms tooth bottom are arranged 
in specified, by turning laminateswith specified angle, as for 
tooth thickness and small tooth pitch of thedenticle it can be 
decided with iron sheet sheet thickness , cannot set freely. 

Therefore, it becomes something where also basic step feed 
amount depends on the iron sheet sheet thickness, cannot set 
freely. 

(2) And, ratio of tooth thickness /tooth pitch can be decided 
by thenumber of phase of motor, cannot set freely. 

When (3) and, cylindrical surface of axial direction both ends 
of stator core you use, endo bracket and as fitting portion 
which engages there is a possibility where protrusion portion 
whichdoes not contact with said endo bracket exists, in order 
to engage to the uniform, special device becomes necessary. 

(4) scatter of sheet thickness of aforementioned iron sheet 
which islaminated has an influence on precision of step 
transport quantity, the change to high precision is difficult. 

[0014] 

As for this invention considering to this point, being 
something which youcan do, as objective can cancel 
aforementioned problem, can set thetooth thickness and small 
tooth pitch of stator denticle to the option, it is to offer linear 
stepping motor where high driving force conversion is 
assuredwith improvement of precision of step transport 
quantity and selection of optimum tooth thickness. 
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[0015] 

As for other objective of this invention, length of axial 
direction of the cylindrical surface of stator protrusion, it is to 
offer linear stepping motor which can be made longerthan 
length of said protrusion axial direction of wire- wound 
winding portion. 

[0016] 

Furthermore other objective of this invention is to offer linear 
stepping motor whereyou can engage to axial direction both 
ends of stator protrusion, endo bracket. 

[0017] 

[Means to Solve the Problems] 

As for constitution of this invention in order to achieve 
theaforementioned objective, as it possesses protrusion of 
plurality which isarranged in radial facing toward inside, 
stator whichpossesses coil which volume was turned to stator 
core and theaforementioned each protrusion where in 
cylindrical surface of said each protrusion in axial direction 
stator denticle of plurality was formed with equal pitch 
respectively and, As inside said stator in axial direction it is 
supported in movable,opposing to aforementioned stator 
denticle in outer surface, theportable child which possesses 
portable child core where theportable child denticle of 
plurality was formed with equal pitch, Or having portable 
child which possesses portable child core where permanent 
magnet pole of multiple which was magnetized to radial 
direction with polarity which differs to outer surface 
alternately alongside the axial direction is arranged with equal 
pitch of 1/2 of aforementioned stator small tooth pitch as 
follows is in linear stepping motor which becomes. 

[0018] 

(1) aforementioned stator core consists of protrusion section 
of ring yoke section and aforementioned plurality which were 
formed respectivelyindividually, in cylindrical surface of 
aforementioned ring yoke section,arranges said each 
protrusion section, alongside circumferential and the axial 
direction, at same time is connected and becomes it 
makesfeature. 

[0019] 

(2) aforementioned protrusion section becomes, or multiple 
sheet laminating protrusion section iron sheet where 
aforementioned stator denticle wasformed, consists of 
member where aforementioned stator denticlewas formed, it 
makes feature. 

[0020] 

(3) aforementioned stator core, consists of protrusion tip 
portion of stator core section and aforementioned plurality 
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which were formed with magnetic pole portion and yoke 
section which do not include protrusion tip portion which was 
formedrespectively individually, arranges said each protrusion 
tip portion, in magnetic pole portion of aforementioned stator 
core section alongside axial direction, at sametime is 
connected and becomes it makes feature. 

[0021] 

(4) aforementioned protrusion tip portion becomes, or 
multiple sheet laminating protrusion section iron sheet where 
aforementioned stator denticle was formed,consists of 
member where aforementioned stator denticle wasformed, it 
makes feature. 

[0022] 

When tooth pitch of (5) aforementioned stator denticle the;ta 
and motor number of phase m,k, m is even number, when 
with the odd number of 1 or more which is smaller than 2 m, 
m is the odd number, when making integer which is not a m 
of 1 or more which issmaller than 2 m, as for stator denticle of 
aforementioned protrusion which is adjacent mutually, It 
possesses gap of (k/2m );ta in axial direction, it makesfeature. 

[0023] 

Aforementioned coil of (6) aforementioned protrusion volume 
as for cross-sectional area of portion which is turned, 
designates that it is smallerthan tooth top section of 
aforementioned stator denticle of thesurface which opposes 
with aforementioned portable child of theaforementioned 
protrusion and total of surface area of tooth bottom asfeature. 

[0024] 

In cylindrical surface of axial direction both ends of (7) 
aforementioned protrusion, theaforementioned portable child, 
through bearing, it can provide the fitting portion which 
engages to endo bracket which is supported in movable it 
makes feature. 

[0025] 

[Working Principle] 

Aforementioned way because linear stepping motor which is 
formed becomes, theaforementioned stator core, arrangement, 
at same time being connected protrusion section or protrusion 
tip portion of plurality which was formedrespectively 
individually, by respective yoke section or the stator core 
section which was formed with with magnetic pole portion 
and yoke section, as for stator denticle iron sheet notch* or 
machine cutting processing, It can form with sintering 
method* precision casting method etc. 

Because of this, as for tooth thickness and small tooth pitch of 
the stator denticle without depending on iron sheet sheet 
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thickness, it can set to the option. 
[0026] 

[Working Example(s)] 

Below, preferred Working Example of based on the drawing 
this invention is explained illustrate in detail. 

As for Figure 1, as for longitudinal cross-sectional view* 
Figure 2 which shows one Working Example of linear 
stepping motor of this invention, as for lateral cross section* 
Figure 3, it is a oblique view which shows therelationship 
between protrusion section and ring yoke section of the stator 
core with line Il-II of Figure 1 . 

As for this working example, tooth pitch of stator denticle 
each numerical value of the;taand motor phase several m, 
integer k, makes m=5,k=4, quantity of stator protrusion 
lOshows case where is. 

[0027] 

In Figure 1 * Figure 2 and Figure 3, stator core 10 of stator 1 
of linear stepping motor, ring yoke 1 1 and 10 protrusion 

sections 41, 42 and 43 consists of 50, said protrusion 

section 41, 42 and43 as for 50, in cylindrical surface of 

aforementioned ring yoke 1 1 with the equal pitch angle, 
inside slot 12 which is provided alongside axial direction, 
facingtoward inside by radial is engaged and is arranged, 
engaging portion is connected to integral to aforementioned 
ring yoke 1 1 bywelding etc. 

[0028] 

Aforementioned protrusion section 41, 42 and 43 in 50, in 

cylindrical surface stator denticle 16 (tooth top section 16 a 
and tooth bottom 16b ) of equal pitch of plurality is arranged 
in the axial direction, furthermore aforementioned each 

protrusion section 41 which isadjacent, 42 and 43 stator 

denticle 16 of 50 is arranged, as hadgap of (k/2m );ta namely 
(4 / 10);ta mutually in axial direction. 

And aforementioned stator core 10 after core formation, has 
been finished the inner diameter in necessary dimension. 

[0029] 

In addition, 10 protrusion sections 41 of aforementioned 

stator core 10, 42 and43 50 respectively, stator winding 

W1,W2,W3,D □ DW10 is done each winding separately. 

And said stator core 10, aforementioned protrusion section 41, 

42 and 43 the cylindrical surface of axial direction both 

ends of 50 (internal diameter part ) designates 10 a as 
engaging hole, the fitting portion 17a, 18a which was formed 
with to endo bracket 17 and 18 frame 13 is arrangedbetween 
engaging to aforementioned cylindrical surface 10a, being 
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kept with the unshown threads etc by screw , forms stator 1 . 
[0030] 

On one hand, inside stator 1, through air gap, opposing with 
the said stator 1 , portable child 2 which is arranged, through 
bearing 19,20, theaforementioned endo bracket 17 and with 
18, similarly, in axial direction has beensupported stator core 
10 and axis in movable. 

And, in said portable child 2, on axial 21 clamping it is donein 
magnetic pole core 22a and 22 b* and between said magnetic 
pole core 22a,22b, at same time the permanent magnet 23 of 
ring which magnetization is done is arranged in axial 
direction. 

[0031] 

In outer surface of aforementioned magnetic pole core 
22a,22b, opposing to aforementioned stator denticle 16, 
portable child denticle 24 (tooth top section 24 a and tooth 
bottom 24b ) of plurality isarranged with same equal pitch 
into axial direction, arrangement, hasbecome kind of 
relationship which is shown in Figure 1 . 

When tooth top section 24 a of portable child denticle 24 of 
the namely, said magnetic pole core 22a is opposed with tooth 
top section 16 a of stator denticle 16of protrusion section 41 
exactly, as for portable child denticle 24 where tooth top 
section 24 a of portable child denticle 24 of the magnetic pole 
core 22b is opposed with tooth bottom 16b of stator denticle 
16 of protrusion section,41 is arranged in said magnetic pole 
core 22a and 22 b, In order tooth pitch 1/2 it is mutual and to 
be able to shave, thickness of aforementioned permanent 
magnet 23 is set. 

[0032] 

Figure 4 (a ), Figure 4 (b ), Figure 4 (c ), Figure 4 (d ), Figure 
4 (e ),aforementioned each protrusion section 41, 42 and 

43 is top view which shows example of protrusion 

section iron sheet which forms 50. 

As for Figure 4 (a ) with protrusion section iron sheet 5 1 
which forms 46 with protrusion section 41, as for Figure 4 
(b ) with protrusion section iron sheet 52 which forms 47 with 
protrusion section 42, as for Figure 4 (c ) with the protrusion 
section iron sheet 53 which forms 48 with protrusion section 
43, as for the Figure 4 (d ) with protrusion section iron sheet 
54 which forms 49 with protrusion section 44, Figure 4 (e ) is 
protrusion section iron sheet 55 which forms 50 with 
protrusion section 45. 

[0033] 

Here, as for Figure 4 (e ) being something which makes 
vertical relationship of the Figure 4 (b ) opposite, as for 
Figure 4 (d ) being something which makes the vertical 
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relationship of Figure 4 (c ) opposite, Figure 4 (e ) with 
Figure 4 (b ), the Figure 4 (d ) with Figure 4 (c ) is respective 
same iron sheet. 

Because of this, Figure 4 (a ), Figure 4 (b ) s with protrusion 
section iron sheet 51,52,53 of 3 kinds of Figure 4 (c ), 

aforementioned protrusion section 41, 42and 43 50 is 

formed. 

In addition, fitting portion 10a is provided in axial direction 
both ends of aforementioned protrusion section iron sheet 
51,52,53, forms fitting portion 10a in cylindrical surface of 
axial direction both ends of theaforementioned stator core 1 0. 

[0034] 

Figure 5, protrusion section 41 of aforementioned stator core 

10, 42 and43 is exploded diagram which looked at 

circumstances of stator denticle 16 which is arranged in 
cylindrical surface of 50 from portable child 2side. 

portion which has grid shows tooth top section 16 a, the 
portion which does not have grid shows tooth bottom 16b. 

Here, in order to make easy to understand, fitting portion 10a 
is abbreviated. 

Each protrusion section 41, 42 and 43 stator denticle 16 of 

tooththickness ts , tooth pitch;ta is formed by cylindrical 
surface of 50, in addition, stator denticle 16 of protrusion 
section which is adjacent has slipped the tooth pitch;ta 4/10 
mutually. 

[0035] 

Therefore, in each protrusion section of stator core 10 which 
is opposedrespectively and 46, 42 and 47, 43 and 48, 44 and 
49, 45 and 50respectively connection doing wire-wound Wl 
and W6,W2 and W7,W3 and W8,W4 and W9,W5 and W10 
which volume wereturaed 41, it can form hybrid type linear 
stepping motor of 5 phases by respectively formingone phase. 

In this case, basic displacement every of step with 1/10 of the 
tooth pitchjta, can set also basic displacement to option by 
setting the tooth pitchjta to option. 

[0036] 

As for Figure 6 and Figure 7, with oblique view which shows 
other Working Example of the linear stepping motor of this 
invention, as for Figure 6, stator core section 32 which 
doesnot include protrusion tip portion 31 of aforementioned 
stator core 10 is shown, said stator core section 32 is formed 
in magnetic pole portion 33 and yoke section 34, Figure 7 
shows aforementioned protrusion tip portion 3 1 . 

Aforementioned magnetic pole portion 33 and stator core 
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section 32 which in yoke section 34 was formed and 
aforementioned protrusion tip portion 31, after being 
formedrespectively individually, with center of magnetic pole 
portion 33 of said stator core section 32 it was provided in 
axial direction, it was and cross section whichwas formed to 
axial direction with center of surface of the opposite side of 
surfacewhere stator denticle 16 of aforementioned protrusion 
tip portion 3 1 was formed to the engaging groove 35 of 
groove, fitting portion 36 of trapezoid wedge, Like sectional 
view which is shown in Figure 8 engaging, connecting to the 
integral after that said engaging portion, with welding etc, it 
forms theaforementioned stator core 10. 

[0037] 

With this Working Example, as for aforementioned stator 
core section 32 laminating the said core iron sheet, it is 
formed, aforementioned protrusion tip portion 3 1 forms 
powder magnetic material with the sintering method . 

In addition, as for engaging groove 35 of aforementioned 
magnetic pole portion 33 and the length of axial direction of 
fitting portion 36 of protrusion tip portion 31, being almost 
same as length of axial direction of aforementioned stator 
core section 32, as for the length of axial direction of surface 
which opposes with magnetic pole core 22a,22b 
ofaforementioned portable child 2 of said protrusion tip 
portion 3 1 , it has become longerthan length of axial direction 
of aforementioned fitting portion 36. 

Furthermore, width of portion which contacts with 
theaforementioned magnetic pole portion 33 of said 
protrusion tip portion 31 is same as width of the said magnetic 
pole portion 33. 

[0038] 

With in case of Working Example ahead, each protrusion 

section 41, 42 and43 as for length of circumferential 

direction of stator denticle 16 whichis formed to 50, 

aforementioned protrusion section 41, 42 and 43 being 

almost same as width of 50, when it tries to enlarge 
thewire-wound holder length of circumferential direction of 
aforementioned stator denticle 16 becomes short, but with in 
case of this working example, Way you understand from 
Figure 6 and Figure 7, length of circumferential direction 
ofaforementioned stator denticle 16, aforementioned 

protrusion section 41, 42and 43 because it can make 

longer than width of 50, thewire-wound holder can be 
guaranteed largely without designating the length of 
circumferential direction of aforementioned stator denticle 1 6 
as sacrifice . 

[0039] 

Figure 9, Figure 10 and Figure 1 1 is figure which shows 
furthermore other Working Example of the linear stepping 
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motor of this invention. 

As for Figure 9 portable child 6 with longitudinal 
cross-sectional view of VR form linear motor which isformed 
one portable child core (magnetic pole core ) by 26 and 
portable child axis 21,as for Figure 10 as for lateral cross 
section* Figure 11 protrusion section 41 of stator core 10, 

42and 43 it is a exploded diagram which looked at 

circumstances of stator denticle 16 which is arranged in 
cylindrical surface of 46 from portable child 6side with 
X-X-ray of Figure 9. 

In Figure 9 and Figure 10, same symbol attaching, it 
abbreviates explanationin member which corresponds to each 
member of Figure 1 and Figure 2. 

[0040] 

In Figure 11, portion which has grid shows tooth top section 
1 6 a, portion which does not have grid shows tooth bottom 
16b. 

Here, in order similarity to Figure 5, to make easy to 
understand,fitting portion 10a is abbreviated. 

Each protrusion section 41, 42 and 43 stator denticle 16 of 

tooththickness ts* tooth pitch;ta is formed by cylindrical 
surface of 46, in addition, stator denticle 16 of protrusion 
section which is adjacent has slipped the tooth pitch;ta 1/3 
mutually. 

[0041] 

Therefore, each protrusion section connection doing winding 
Wl and W4* W2 and W5* W3 and W6 which winding make 
respectively 41 whichis opposed respectively and 44, 42 and 4 
5, 4 4 and 46, 3 -phase itcan form VR form linear stepping 
motor by making one phase respectively. 

In this case, basic displacement every of step becomes with 
1/3 of the tooth pitch;ta. 

[0042] 

Figure 12, Figure 13 and Figure 14 are figure which shows 
furthermore theother Working Example of this invention. 

Figure 12 portable child core where permanent magnet 61 of 
multiple whichwas magnetized to radial direction with 
polarity which differs to outer surface alternately alongside 
axial direction is arranged with equal pitch of 1/2 of stator 
small tooth pitch (magnetic pole core ) is longitudinal 
cross-sectional view of permanent magnet type linear motor 
whichpossesses portable child 7 which consists of 27 and axis 
21. 

As for Figure 13 as for lateral cross section* Figure 14 
similarity to Figure 1 1, it is a exploded diagram which looked 
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at circumstances of stator denticle 16 from portablechild 7 
side with XIII-XIII line of Figure 12. 

stator denticle 16 of protrusion section which is adjacent has 
slipped tooth pitch 3/8 mutually. 

In Figure 12 and Figure 13, same symbol attaching, it 
abbreviates explanation^ member which corresponds to each 
member of Figure 1 and Figure 2. 

[0043] 

In this case connection doing winding W1,W2,W5,W6, it 
makes one phase, connection does winding W3,W4,W7,W8 
and it can form permanent magnet type linear stepping motor 
of 2 phases bymaking other one phase. 

In this case, basic displacement every of step becomes with 
1/4 of the tooth pitch. 

In explanation of Figure 12 as for portable child 7 we 
assumed that permanent magnet of multiple extremely it 
possesses 61, but as for this the N pole* S pole magnetizing 
to outer surface of ring magnet of 1 alternately with the equal 
pitch of 1/2 of stator small tooth pitch, it does not 
becomeinconvenient. 

[0044] 

Furthermore, as for technology of this invention it is not 
something whichis limited in technology in aforementioned 
Working Example, it is good, inaddition as for technology of 
this invention various modification and additionpossible even 
with motor of other embodiment which carries outsimilar 
function in inside range of aforementioned constitution. 

[0045] 

[Effects of the Invention] 

As been clear from explanation above, because 
aforementioned stator core arrangement, at same time being 
connected protrusion section or the protrusion tip portion of 
plurality which was formed respectively individually, by 
therespective yoke section or yoke section which includes the 
magnetic pole portion, becomes according to linear stepping 
motor of this invention, concerning to the Claim 1 to 5, It can 
form stator denticle with iron sheet notch* or machine 
cutting processing, the sintering method* precision casting 
method etc. 

Because of this, as tooth thickness and small tooth pitch of the 
stator denticle can be set to option, high driving force 
conversion isassured with improvement of precision of step 
transport quantity andselection of optimum tooth thickness, it 
is possible . 

[0046] 



Page 1 6 Paterra Instant MT Machine Translation 



JP1995336992A 

6 ICO^TI*.fiJlB3Sg<7)liiFfB£$!|j!l< 

^H)^i*tiai-r§ao)ffi5fesii<tffiiisiii:(D® 

<BI*3JiE(7)$ili:£[6] #JS#lEiai5^a) 
S^@ll!l^|S)0)^«J:yfi<T^I)o 



***.-ri::*-*ft*£iE<i-S£ia<-c*.&. 

[0047] 

Ii#>S 7 l~o^TI*.MB^£OT$lli;&|S]ffi3as 

sprowssic. ttie&M?** 

[BBalOUIL&IBH] 
[02] 

0 1 <D II-II «lzJ:««RfiSB-eft«. 
[03] 

[04] 

0 4(a), 0 4(b), 0 4(c), 0 4(d), 04(e)l*.fF 

SB#£«g|5 41,42,43, 50 ttftOTftS 

««MMS0>¥iiiBT**. 



[05] 

B£?a710G>£atf41,42,43, 50(D|*J 



[06] 



1995-12-22 

Concerning Claim 6, because aforementioned coil of 
theaforementioned protrusion volume as for cross-sectional 
area of portion which isturned, makes smaller than total of 
surface area of tooth top sectionand tooth bottom of surface 
which opposes with aforementionedportable child of 
aforementioned protrusion, length of axial direction of 
cylindrical surface of aforementioned stator protrusion, can be 
made longer than the length of said protrusion axial direction 
of wire-wound winding portion. 

Because of this, necessity to consider coil end part in length 
of axial direction of said motor is gone, without changing 
stroke length motor length can be made short. 

[0047] 

Concerning Claim 7, in cylindrical surface of axial direction 
both ends of aforementioned protrusion, aforementioned 
portable child, through bearing, becauseit can provide fitting 
portion which engages to endo bracket which is supportedin 
movable, endo bracket you can engage to axial direction both 
ends of theaforementioned stator protrusion, easily. 

[Brief Explanation of the Drawing(s)] 

[Figure 1] 

It is a longitudinal cross-sectional view which shows one 
Working Example of linear stepping motor of this invention. 

[Figure 2] 

It is a lateral cross section with line II-II of Figure 1. 
[Figure 3] 

It is a oblique view which shows relationship between 
protrusion sectionand ring yoke section of stator core. 

[Figure 4] 

Figure 4 (a ), Figure 4 (b ), Figure 4 (c ), Figure 4 (d ), Figure 
4 (e ) s aforementioned each protrusion section 41, 42 and 

43 is top view of protrusion section iron sheet which 

forms 50. 

[Figure 5] 

protrusion section 41 of stator core 10, 42 and 43 it is a 

exploded diagram whichlooked at circumstances of stator 
denticle 16 which is arranged in cylindrical surface of 50 from 
portable child 2 side. 

[Figure 6] 

With Figure 7, with oblique view which shows other Working 
Example of the linear stepping motor of this invention, it is 
something which shows stator core sectionwhich was formed 
with with magnetic pole portion and yoke section which 
donot include protrusion tip portion of stator core. 
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[Figure 7] 

It is a oblique view which shows protrusion tip portion. 
[Figure 8] 

It is a sectional view which shows work of stator core section 
and protrusion tip portion. 

[Figure 9] 

It is a longitudinal cross-sectional view which shows 
furthermore other Working Example of linear stepping motor 
of this invention. 

[Figure 10] 

It is a lateral cross section with X-X-ray of Figure 9. 
[Figure 11] 

protrusion section 41 of stator core 10 of Figure 9, 42 and 

43 it is a exploded diagram which looked at circumstances 

of stator denticle 16 which isarranged in cylindrical surface of 
46 from portable child 6 side. 

[Figure 12] 

It is a longitudinal cross-sectional view which shows 
furthermore other Working Example of linear stepping motor 
of this invention. 

[Figure 13] 

It is a lateral cross section with XIII-XIII line of Figure 12. 
[Figure 14] 

protrusion section 41 of stator core 10 of Figure 12, 42 and 

43 it is a exploded diagram which looked at circumstances 

of stator denticle 16 which isarranged in cylindrical surface of 
48 from portable child 7 side. 

[Figure 15] 

It is a longitudinal cross-sectional view of conventional 
cylinder shape linear stepping motor. 

[Explanation of Symbols in Drawings] 

1 

stator 
10 

stator core 
10 a 

engaging hole 
11 

ring yoke 
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m 

16 
2 

21 
$4 
22a 

22b 

23 

24 

26 

27 

31 

32 

33 

34 

35 

36 

41 

mm® 

42 



12 

slot 

16 

stator denticle 
2 

Portable child 
21 

Axis 
22 a 

magnetic pole core 
22 b 

magnetic pole core 
23 

permanent magnet 
24 

Portable child denticle 
26 

magnetic pole core 
27 

magnetic pole core 
31 

protrusion section tip portion 
32 

stator core section 
33 

magnetic pole portion 
34 

yoke section 
35 

engaging groove 
36 

fitting portion 
41 

protrusion section 
42 
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protrusion section 
43 50 

protrusion section 
61 

permanent magnet extremely 
k 

integer 
m 

Number of phase 
[Figure 1] 
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[Figure 2] 
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[Figure 3] 



[Figure 4] 
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[06] [Figure 6] 




[Figure 7] 



[08] [Figure 8] 
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[Figure 5] 
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[Figure 11] 



[Figure 13] 



[Figure 14] 
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[Figure 12] 
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[Figure 15] 
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